INTRODUCTION

74
When choosing exercises to enhance physical qualities, consideration of the correspondence 75 between a training exercise and target sport skill is regarded and often results in the 76 categorization of exercises from general to specific in regard to the mechanical similarity to a 77 specific sport skill. Choosing the most appropriate exercises for training to enhance sport 78 specific motor qualities, by the assessment of the similarities in kinetic and kinematic ability. This is based upon the contention that these movements are mechanically similar to 86 vertical jumping, mainly due to the triple extension pattern that is displayed, their similar 87 movement velocities and rate of force development (3,5,15). Despite the prevalence of this 88 common assumption, there is a lack of conclusive evidence of a mechanical similarity. In 89 particular, there is a body of previous work that has compared the external kinetics (e.g. (joint) kinetics, the PJ is more similar in those athletes who are knee dominant jumpers.
110
Taking into regard the continuum of general to specific exercises for sports performance, for 111 those athletes who adopted more hip dominant strategies the PJ may be a more general 112 exercise and movements considered to produce more hip moment, such as jump squats (28),
113
could instead be used as a more specific exercise for these athletes. Further research in 114 various movements may add further insight into this matter.
116
Another open question is the effect of external load on the internal kinetics (and hence the 117 mechanical similarity) of exercises and sports skills. Again, the effect that an increase in load 118 has on movement has been subject to analysis by a number of studies (19, 22, 23, 32, 33 
METHODS
146
Experimental approach to the problem
147
This study was designed to establish the degree of mechanical similarity that two commonly 148 used resistance exercises (JS and PJ) shared with the CMJ. Further to this, it was the aim to 149 assess how increasing external load in these lifts would affect this relationship. Subjects 150 completed three repetitions of CMJ followed by three repetitions at each load for both JS and 151 PJ. Kinetic and kinematic data were recorded via portable force plate and high speed camera.
152
A 2-dimensional (2D) linked rigid segment model was used for an inverse dynamics analysis
153
(IDA) to determine hip, knee and ankle joint moments and joint impulse. These data were 154 then compared between each condition and load in order to test our hypotheses.
155
Subjects
156
Eight male subjects were recruited from a local university weightlifting club. Subjects 157 characteristics were (mean ± SD): age 22±3, height (m) 1.76±0.7, mass (kg) 83±8. Only 158 subjects who had 6 months prior experience in weightlifting, could back squat 1.5 × 159 bodyweight (BW) and had no musculoskeletal injuries that would affect their ability to train 160 were included (training years 2±1, back squat 1RM (kg) 157±18, push jerk 1RM (kg) 93±12).
161
Prior to commencement of the study subjects were asked to refrain from exercise for the 24 162 hours preceding testing. All subjects were provided with details of the study which included with statistical analysis, where no effect of order occurred (p < 0.05).
205
After all loads had been completed for the first exercise a 10 minute rest was provided. The Kinetic and kinematic data were synchronised using an external synchronisation unit, which Net joint moments which combine the net intersegmental moments across joints were 256 integrated to attain joint moment impulse values, which reflect total joint moment production 257 with respect to time. All moment values were normalised to subject mass so comparisons 258 between subjects could be made. 
259
Statistical Analysis
275
RESULTS
276
The relationship between joint impulse and joint moment between CMJ and JS (Table 1) 277 highlighted a significant strong positive correlation between knee joint moment at 25% 1RM 
281
The relationship between joint impulse and joint moment between CMJ and PJ ( The present study aimed to evaluate the mechanical similarity of the PJ and JS to the CMJ 313 and to further evaluate the effect increases in external loading had on the mechanical 314 similarity. This study showed that there was a partial correspondence between both lifts and 315 CMJ, which exhibited a load and joint dependent relationship. anteriorly (PJ), the goal of the movements was still to move the system mass vertically. It 328 then seems that the proximal to distal pattern of peak moment production is stable with 329 respect to the addition of loading or the vertical projection tasks considered here.
330
Additionally, this proximal to distal patterning has been observed during other sporting 331 movements such as sprinting (10). Collectively this information is useful for coaches in of joint moment and the time over which it is produced. The ability to produce joint moments 391 over short periods of time has been highlighted as an important factor for improving 392 performance in rapidly performed movements (1). This is important for coaches and trainers 393 looking for training modalities that provide similar demands on impulse generation.
394
Interestingly, these significant correlations were observed at 30% and 65% 1 RM but not at 395 50% and 75% 1 RM for hip joint impulse in the PJ. At this stage, the exact reason for this 396 lack of correlation at 50% and 75% load is not fully understood; however it might be 397 speculated that just as the degree of correspondence is movement dependant, it may also be 398 load dependent. With limited information within this area, further study would be able to 399 expand on these results and so provide a more robust explanation of the present findings. as load changes subjects are required to alter the way in which they carry out the movement 428 such that the similarity to CMJ characteristics is affected. The PJ seems to offer the greatest 429 mechanical similarity to that of the CMJ when using loads of 30% 1RM. These results
430
suggest that establishing similarity and therefore transferability of movements based solely Table 3 . Mean ± SD normalized peak hip, knee and ankle joint moments (Nm/kg) across External loading affects joint similarities in loaded jump training movements Table 1 . External loading affects joint similarities in loaded jump training movements 
